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ABSTRACT

The article considers an actual problem of organizing a safe 
and sustainable urban transport system. We have examined the 
existing positive global experience in both infrastructural and 
managerial decisions. Then to assess possible solutions at the stage of 
infrastructure design, we have developed the simulation micromodels 
of transport network sections of the medium-sized city (Naberezhnye 
Chelny) with a rectangular building type. The models make it 
possible to determine the optimal parameters of the traffic flow, 
under which pollutant emissions from cars would not lead to high 
concentrations of pollutants. Also, the model allows to obtain the 
calculated values of the volume of emissions of pollutants and the 
parameters of the traffic flow (speed, time of passage of the section, 
etc.). On specific examples, the proposed method’s effectiveness 
is shown. Case studies of cities of different sizes and layouts are 
implementation examples and possible uses proposed by the models. 
This study has shown the rationality of the suggested solution at 
the stage of assessing infrastructure projects and choosing the best 
option for sustainable transport development. The proposed research 
method is universal and can be applied in any city.
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1. Introduction

The transport network is a necessary connecting element of the economic system. It unites 
settlements and regions into a single ecosystem, on the one hand ensures the territorial connectivity 
of the state, and on the other hand, allows it to fully function in the context of global world trade 
with other countries. Transport processes directly affect the spatial efficiency and development 
of the country (Polyakov, 2010). Depletion of an extensive development path potential due to the 
intensive increase in exports of fuels and raw materials, strengthening the priority of innovative 
measures and measures to ensure the deep processing of raw materials require a higher degree of 
population, goods, services and capital mobility (Kazakova and Pospelova, 2017). The contribution 
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to meeting the transport needs of the population of urban transport systems is constantly increasing. 
This process is taking place in the context of the ongoing urbanization and motorization of society 
and an increase in the load on the transport infrastructure and road network.

According to the sustainable development goals of the United Nations by 2030, it is necessary 
to provide access to safe, affordable, accessible and sustainable transport systems for all, improving 
road safety, notably by expanding public transport, with special attention to the needs of those in 
vulnerable situations, women, children, persons with disabilities, and older persons. The solution to 
the transport and environmental problems of the largest cities can be the consistent implementation 
of the concept of sustainable urban transport policy, linking the transport systems’ developing and 
operating with urban planning, environmental protection and public health issues. The basis for 
efficient traffic management, which is an integral part of the sustainable development of urban 
transport systems, is transport planning (United Nations, 2020).

A modern city is a complex construction, engineering and infrastructure complex. Efficiently 
functioning transport infrastructure contributes to the optimal location of enterprises and meeting the 
needs of the population, which affects the city’s overall development. The most important tasks for 
authorities at the city level are attracting investment in the development of transport infrastructure, 
increasing transport capacity through the expansion of roads, the construction of interchanges, etc. 
(Beljakova and Ryzhaja, 2017). However, poor planning of transport infrastructure also leads to 
negative consequences such as environmental problems, increased traffic accidents, climate change, 
carbon dioxide emissions and reduced transport efficiency. Therefore, an urgent task is to identify 
the transport infrastructure’s multiple effects based on existing research (Berman, 2020).

Experience shows that motorization, besides positive consequences for the economy and 
social development, also has negative ones, including a significant number of traffic accidents, 
accompanied by material damage, as well as harming people’s health, including dead and wounded. 
Motor transport negatively affects the ecological status of the urban environment in the form of 
noise pollution and air pollution with exhaust gases. Car exhaust emissions contain carcinogenic 
components—carbon and nitrogen oxides, hydrocarbons, aldehydes, sulfur dioxide, lead, etc. 
These substances have a negative impact on human health and harm the environment. The speed 
of traffic on the roads of cities is reduced due to congestion during peak hours, making the use of 
road transport as a means of transportation ineffective. Modern scientific research and practical 
experience make it possible to explain the causes of all these negative phenomena and give 
recommendations for reducing and eliminating the negative consequences of motorization.

This article focuses on the analysis of the main areas in which scientific and practical 
developments are being carried out, and to develop a solution that will help to ensure a safe and 
sustainable transport system in the urbanized area and the quality of its residents’ life.

2. Review of literature

Motor transport is a major source of air pollution. According to observations, the contribution of 
motor transport to air pollution is 20%–30% of the total emissions in developed countries (Eurostat, 
2020; Ministry of Natural Resources and Environment of the Russian Federation, 2021) (Figure 1).
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Figure 1. Emissions from various sources, 2021.

One effective way of reducing the environmental impact of road transport is to improve 
the environmental friendliness of a vehicle. Permyakova et al. (2020) propose to improve the 
environmental friendliness of transport through the use of hybrid and electric vehicles. It should 
be noted that at present, the share of electric cars is not large, but high rate of research and 
development allows making optimistic predictions to that effect. An instrument has been developed 
that allows identifying the main stages and means of fulfilling innovative goals of the object that 
require drafting text and graphic documents, and introduction of the information required to make 
managerial decisions thereto.

The issues of ensuring the sustainability of transport development are increasingly becoming 
key issues in discussions at global international platforms. At the United Nations World Conference 
on Environment & Development in 1992 in Rio de Janeiro, Brazil, the critical role of transport in 
achieving the strategic goal of sustainable development was announced. This was also reflected in 
the final document “Agenda for the 21st century” (United Nations Sustainable Development, 1992). 
A similar announcement was made later at the 2002 World Summit on Sustainable Development 
in Johannesburg, South Africa (Plan of Implementation of the World Summit on Sustainable 
Development, 2002). The Johannesburg Plan of Implementation outcome document also outlined 
the importance of transport functions and tasks. The organizers and participants of the 2012 
United Nations Conference on Sustainable Development (Rio +20) expressed a similar position in 
the document “The Future We Want” (Sustainable Development Knowledge Platform, 2012): in 
sustainable development, the mobility provided by transport is extremely important. In 2015, the 
2030 Agenda for Sustainable Development (United Nations, 2021) was adopted by world leaders 
in New York. It contains 17 sustainable development goals (SDGs). According to this list of goals, 
nonstandard and innovative ideas and actions are expected to build a sustainable future for the 
planet and its people. It should be noted that there is no separate SDG for transport, but “sustainable 
transport” is a sub-goal of Goal 11 “make cities and human settlements inclusive, safe, resilient 
and sustainable”. This sub-goal targets “by 2030, ensure access to safe, affordable, accessible and 
sustainable transport systems for all, improving road safety, in particular through the expansion of 
public transport, paying particular attention to the needs of people in vulnerable situations, women, 
children, the disabled and the elderly” (The Global Goals, n.d.). In addition, transport stands out as 
an influencing factor in achieving a number of other SDGs. Thus, the search for ways and methods 
to develop sustainable transport and involve the population in it is a recognized global agenda. 
Obviously, this list of events will expand.
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In urban areas, public transport has been the focus of much attention as a driver of sustainability 
and quality of urban life. Effectively connecting resources to destinations and making it easier 
for people to move around will improve urban economic and environmental performance. 
Public transport networks are an important part of the urban system and are a key enabler for the 
development of other elements of urban interaction and circulation. The level of public transport’s 
accessibility can be characterized by the time it takes to get on any type of transport (bus or metro). 
Bok and Kwon （2016) propose a way for assessing and comparing public transport accessibility in 
different urban areas on the base of GTFS feeds and demographic data.

The article states (Korkmaza et al., 2022) that autonomous public transport systems (APTS) 
should provide the advantages of traditional public transportation and eliminate the disadvantages 
in order to be accepted and used by passengers. The study investigated the factors affecting the 
acceptance and use of autonomous public transport systems by potential users. According to the 
research results, social influence, performance expectancy, habit, and trust and safety constructs 
have a positive and significant effect on behavioral intention to use APTS.

Most of the subsidy-based basic bus services have been unfortunately suffering from a ridership 
decline over the past years. As new transport technologies emerge, more bus riders switch to 
other transport modes. The most attractive mode is private automobiles. Compared to city buses, 
private autos provide people with enhanced comfort, privacy, and convenience, which leads to a 
reduction in the willingness of using bus transportation. Public bus services can be viewed as quasi-
public goods as they are subject to partial excludability and partial rivalry. From the perspective 
of the entire society, the provision of such quasi-public goods in an efficient way would rely on 
collaboration and coordination between the public and private sectors. In particular, bus services 
exclusively operated by private companies may not adequately accommodate the demand of low-
income people or other socially disadvantaged populations at an affordable price. To fix this market 
failure, the government always steps in and supports low-priced public bus services through 
subsidies. However, if bus services are exclusively provided by operators fully endorsed by local 
governments, the model of uniform service provision and heavy subsidies becomes increasingly 
unsustainable. As cities grow and new technologies emerge, the public bus system can gradually 
lose its advantage in the passenger transportation market (Denga et al., 2023).

In the preparation and evaluation of transport investment plans and projects, social and 
environmental aspects are given greater weight than other evaluation criteria. In the modern 
context, individual and public demands for quality of life determine the tasks of transport systems 
and infrastructure. In the meantime, sustainable development has become the most important 
motivating factor in the formulation and planning of transport policy. The authors of the article 
(Griškevičiūtė-Gečienė and Griškevičienė, 2016) addresses the issue of the impact of transport 
infrastructure on sustainable living conditions. The results obtained are used in the process of 
determining the development strategy, investment directions and selection of priority projects. 
However, there are often uncertainties in the socio-economic assessment as well. This paper aims 
at defining the fundamental parameters that influence the living environment and the sustainability 
of this environment, at establishing the principles of using them in the development process, and at 
applying them in a way that enhances the attractivity of individual city areas.

But poorly planned transport infrastructure has negative consequences, including environmental 
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degradation, increased road accidents, climate change, harmful emissions and reduced transport 
efficiency. Thus， it is necessary to identify the multiple impacts of transport system infrastructure 
(Wang et al., 2018).

Sustainable transport means meeting society’s mobility needs with minimum environmental 
impact without compromising future generations’ mobility needs. Promoting the balance between 
environmental safety, economic development and social comfort is essential for sustainable 
development applied to transport systems. Simultaneously improving the performance of these 
three areas is one of the expected results of sustainable transport. The goal of the environmental 
dimension is to ensure that all aspects of the transport industry address environmental issues by 
understanding the interactions between the physical environment and industry practices (Rodrigue, 
2020).

A critical element in the ongoing traffic congestion is the current poor transport infrastructure in 
many cities. An ominous sign of the evolution of transport planning is the rapid increase in private 
car ownership combined with poor management of the transport system. A radical overhaul of all 
urban practices and urban form development processes is required to improve the environmental 
conditions necessary for urban sustainability. It is well known that well-designed cities are more 
social, more multicultural, happier, healthier and safer, and that they meet people’s needs for leisure 
and urban space. Cities are, after all, dynamic organizations. They can absorb a certain number of 
cars without any consequences (capacity) and manage to enrich their urban environment in some 
way. In order to maintain its vitality and spatial distribution, the car should be replaced by other 
forms of sustainable transport (Bakogiannis et al., 2016).

3. Methodology

Management measures to reduce the negative vehicles impact on the environment involves 
identifying the causes of critical situations and taking measures to their emergence probability 
reducing. For these purposes, simulation’s micro-models were used.

Traffic flow modeling is the creation of a working traffic model that corresponds to real-life 
traffic on highways and streets. This model is necessary for the development and justification of 
decision-making in the field of organization and optimization of traffic (Storani et al., 2021).

Modeling of traffic flows, as a rule, consists of the next steps:

• Visual analysis of the effectiveness of the functioning of the design and existing schemes for 
organizing traffic in different road network sections, as well as determining the traffic flows 
parameters of the current road network configuration;

• Developing a simulation model of road network section;
• Carrying out a simulation experiment on the developed model of traffic flows;
• Detailed analysis of simulation results for several parameters of the selected section of the 

road network.

When collecting traffic information, traffic flow data is central. With the help of many years of 
scientific research and practical observations, the main most objective indicators have been formed. 
Including the intensity of the traffic flow, its composition by vehicle types, traffic density, traffic 



Development of micromodels of traffic flows, taking into account environmental factors

6

speed, and traffic delays (Volkova and Stepanenko, 2021).

Traffic intensity is the number of vehicles per unit of time traveling along a road section. Traffic 
intensity is measured on annual, monthly, daily, hourly, and shorter timescales (minutes, seconds), 
according to observation and measurement equipment. Traffic flow density, measured as the number 
of vehicles per kilometer of road, is a spatial characteristic that determines the degree of congestion 
on a road. The lower the traffic density, the freer the roads and the higher the speed that drivers can 
develop. On the contrary, the greater the density, the greater the demands on the attentiveness and 
accuracy of the actions of drivers, the more their mental tension increases. As a result, the likelihood 
of traffic accidents due to a mistake made by one of the drivers or a vehicle failure increases. As it 
represents the objective function of transport, speed is the most important indicator. The graph of 
the vehicle’s speed change along the entire route is the most objective characteristic of the vehicle’s 
movement along the road. But such spatial characteristics are difficult to obtain for many moving 
vehicles because they require continuous automated velocity measurements. The transport speed is 
a measure of the speed at which passengers and goods are delivered. It is defined as the ratio of the 
distance between message points to the time the vehicle spends on the journey (message time). To 
characterize the vehicles’ speed on specific road sections, the same indicator is used.

When assessing the traffic situation, traffic delays are an indicator to which particular attention 
should be given. The time lost should include the time lost for all compulsory stops, not only at 
junctions, level crossings, and during congestion on sections of the route, but also because of 
the reduction in the speed of the flow of traffic compared with the average speed of traffic on the 
road section. The most important criterion characterizing the functioning of communication lines 
is their capacity. Throughput—the maximum possible number of cars that can pass through the 
section of the road per unit of time. The state of the environment can have a big impact on its actual 
throughput value. Actual throughput drops in heavy rain, fog, heavy snow, and sleet. Also, the 
throughput is affected by the provision of a certain conveyance speed. This is most important for 
high-speed roads, where safety conditions must be maintained at higher speeds.

There are various methods for assessing the impact of traffic flows on the environment. They are 
calculated (calculation using mathematical formulas of the volume of emissions or concentrations 
of pollutants in the atmosphere) and empirical (sampling and analysis using special equipment). We 
will use calculation methods (Research Institute “Atmosphere”, 2019).

Total emissions, M, g/km, are calculated using the formula.

where, 

—pollutant emissions from vehicles queuing at intersections, g/km; 

—pollutant emissions from vehicles travelling on the considered road during 
a given period, g/km. 

Indexes 1 and 2 correspond to each of the two traffic directions along a higher intensity road 
section, 3 and 4 to a lower intensity section; 

n, m—the number of stops of the vehicle flow in front of the junction on the roads that make it up 
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for a period of 20 min; n1, m1—number of periods in which vehicles co-exist for 20 min.

The emission of the i-th pollutant by the moving stream of motor vehicles on a motorway of 
fixed length , in grams per kilometre, shall be calculated by the following formula:

where, 

L—road length, excluding the length of vehicle queue waiting to be red-lighted, km;

—specific release of the i-th pollutant by vehicles of the k-th group, g/km; 

k—number of vehicle groups, pcs.; 

Gk—the actual maximum traffic intensity, i.e., the number of vehicles of each k categories that 
pass through a fixed cross-section of the selected road section of the chosen roadway on each of the 
two directions; 

—a correction coefficient taking into account the average flow velocity  (km/h). We will 
use the data obtained from the results of the experiment on the model to determine the correction 
coefficient , taking into account the average movement speed.

The emission of the i-th pollutant from the cars in the queue in the area of the junction during the 
20-min period, , g/km, shall be calculated using the following formula:

where, 

P—average stop time for 20 min, seconds; 

N—number of vehicle stops for a 20-min time period; 

—specific emission of the i-th pollutant by vehicles in the k-th group queuing at the 
junction; 

—number of vehicles in group k queuing at intersection (Makarova et al., 2016).

4. Results

In our earlier scientific work (Makarova et al., 2019), we developed pollutant dispersion maps 
obtained from the results of field studies (Figure 2a). This made it possible to identify problem 
areas, one of which is a complex interchange formed by the intersection of three busy city avenues 
(Figure 2b). This intersection was a place with a high concentration of traffic accidents, which led 
to environmental problems.
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Figure 2. a) CO dispersion map; b) Scheme of the simulated section of road network.

For more analysis of the intersection and development of recommendations for its reconstruction, 
a simulation model was built using the AnyLogic 8 program (Figure 3). When developing the 
model, the following parameters were taken into account:

• intersection geometry;
• operating modes of traffic lights;
• volumes and composition of pollutant emissions from vehicles;
• parameters of pedestrian traffic;
• traffic density.

Figure 3. The structure of the developed simulation model.

The emission allowance that cannot be exceeded is a limitation of the model:

Simulation experiments on the model with different characteristics of the traffic flow, determined 
as a result of field studies, showed that the considered intersection is a source of exceeding the 
maximum permissible concentrations of CO and NOX (Figure 4). The first stage of the optimization 
experiment made it possible to determine the optimal parameters of the traffic flow, under which 
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pollutant emissions from cars would not lead to high concentrations of pollutants.

Figure 4. Road network intersection model.

5. Discussion

The road section under the study is the confluence of two transport arteries of the city, so it forms 
a significant number of bus routes connecting different parts of the city. One of the ways to improve 
the parameters of the traffic flow of this intersection is to improve the route network. The second 
way is the use of bus routes with a larger capacity, which will reduce the number of buses on the 
road section and reduce emissions of pollutants.

One of the ways to reduce the negative impact on the environment of the traffic flow is to 
change public transport with more environmentally friendly transport. According to the simulation 
experiment on the model, such a replacement will lead to a significant reduction in pollutant 
emissions (Table 1).

Table 1. Public transport emissions.

The share of emissions from the 
maximum allowable emissions

Pollutants
CO NOX CXHY Soot SO2 Formaldehyde Benz(α)piren

100% diesel vehicles 1.04 0.97 0.5 0.58 0.58 0.681 0.579

50% gas motor vehicles 0.87 0.91 0.44 0.47 0.58 0.69 0.587

100% gas motor vehicles 0.69 0.83 0.39 0.34 0.59 0.692 0.589

During the hours of mass traffic of road transport, this intersection could not cope with the traffic 
flow, which caused traffic jams. Drivers spent a lot of time on this section of the road due to the 
huge flow of cars. These problems arose due to the sub-optimal configuration of the road section. 
The situation has become even more critical due to the commissioning of the construction of a 
section of the tram route network passing through this intersection.
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The results of simulation experiments showed that the geometry of the studied section of the road 
does not correspond to the parameters of the traffic flow; therefore, it negatively affects the transport 
characteristics. We proposed to change the configuration of the intersection. Thus, it was suggested 
that the roundabout would reduce the number of conflict points on this section of the road (Figure 5).

Figure 5. The view of the simulation model a) prior any changes; b) after changes.

According to the results of the study, it was found that the roundabout is preferable. The values 
of the parameters obtained from the simulation results of the studied intersection are presented in 
Table 2. According to these data, the parameters of the traffic flow of the studied road section can be 
significantly improved. Also, pollutant emissions from road transport will decrease.

Table 2. Parameters of explored section of road network.

Parameters
Values

Prior any changes After changes
Average speed along explored section of the road, km/h 35 42
The number of vehicle stops per unit time, number. 6 2
Density of traffic flow, % of road area 92 67
Average duration of the movement on the section of the road, min. 4 1.4

On the model developed by us, a simulation experiment was carried out, which showed that 
changing the configuration of the road section led to a decrease in carbon monoxide emissions by 
18.6%, nitrogen oxides by 8.2%, CXHY by 17.9%, and sulfur dioxide by 15.4 %. In addition, the 
travel time for the road section will be significantly reduced; it will also increase the total time for 
cars to drive through the intersection at the maximum allowed speed (Figure 6).

 
             a)                                                                                     b)

Figure 6. a) Average duration of travel at different speeds (in terms of 20 min interval); b) Pollutant emissions.
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6. Conclusion

The negative impact of the motorization process is occurring at an alarming rate, especially 
in small and medium-sized cities, since the solution to this problem is complicated by the lower 
availability of funds for the development and implementation of various methods to reduce the 
negative impact compared to large cities and capitals of the constituent entities of the Russian 
Federation. Therefore, for small and medium-sized cities, the most relevant are more accessible 
methods and solutions, such as the development of simulation models of road network sections and 
implementation experiments on it.

The article presents the development of a simulation micromodel that allows calculating the 
optimal parameters of the traffic flow, under which pollutant emissions from cars will not lead to 
high concentrations of pollutants.

The simulation experiments carried out on the developed models of a medium-sized city (the city 
of Naberezhnye Chelny) showed that the average time for cars to pass a problematic section of the 
road decreased by 65%, and the volume of pollutant emissions decreased by 17.8%.

Author contributions

Conceptualization, IM and VM; methodology, IM and VM; software, VM; validation, VM; 
formal analysis, IM and VM; investigation, IM, VM and PB; resources, IM, VM and PB; data 
curation, IM and VM; writing—original draft preparation, IM and VM; writing—review and 
editing, IM, VM and PB; visualization, IM, VM and PB; supervision, IM; project administration, 
PB. All authors have read and agreed to the published version of the manuscript.

Conflict of interest

The authors declare no conflict of interest.

References

Bakogiannis E, Siti M, Kyriakidis C (2016). Infrastructure—Transportation and networks: Thoughts on the city of 
tomorrow. European Journal of Interdisciplinary Studies 2(3): 51–57. doi: 10.26417/ejis.v2i3.p73-79

Beljakova EV, Ryzhaja AA (2017). The role of transport infrastructure in the development of the city (Russian). 
Reshetnevskie Chtenija.

Berman ND (2020). Influence of transport infrastructure on sustainable development: Trends and challenges 
(Russian). International Journal of Advanced Studies 10(2): 7–14. doi: 10.12731/2227-930X-2020-2-7-14

Bok J, Kwon Y (2016). Comparable measures of accessibility to public transport using the general transit feed 
specification. Sustainability 8(3): 224. doi: 10.3390/su8030224

Denga J, Chenb P, Chen X, et al. (2023). Financial sustainability versus social equity: Design and performance of 
a hybrid city bus system. Journal of Public Transportation 25: 10004. doi: 10.1016/j.jpubtr.2023.100044

Eurostat (2020). Greenhouse gas emissions by source sector. Available online: https://ec.europa.eu/eurostat/
statistics-explained/index.php?title=File:Greenhouse_gas_emissions_by_source_sector,_EU,_2020.png 
(accessed on 23 April 2023).

Griškevičiūtė-Gečienė A, Griškevičienė D (2016). The influence of transport infrastructure development 



Development of micromodels of traffic flows, taking into account environmental factors

12

on sustainable living environment in Lithuania. Procedia Engineering 134: 215–223. doi: 10.1016/
j.proeng.2016.01.062.

Kazakova MV, Pospelova EA (2017). Infrastructure quality as one of the constraints to economic growth: A 
comparative analysis of Russia and the countries of the world (Russian). Economic Relations 7(3): 247–
268. https://doi.org/10.18334/eo.7.3.38071.

Korkmaza H, Fidanoglua A, Ozcelika S, Okumus A (2022). User acceptance of autonomous public transport 
systems: Extended UTAUT2 model. Journal of Public Transportation 24: 100013. doi: 10.5038/2375-
0901.23.1.5

Makarova I, Khabibullin R, Mavrin V, Belyaev E (2016). Simulation modeling in improving pedestrians’ safety at 
non-signalized crosswalks. Transport Problems 11(4): 139–150. doi: 10.20858/tp.2016.11.4.13

Makarova I, Shubenkova K, Mavrin V, Magdin K (2019). Environmental safety of city transport systems: 
Problems and influence of infrastructure solutions. In: Kabashkin I, Yatskiv (Jackiva) I, Prentkovskis O 
(editors). Reliability and Statistics in Transportation and Communication, Proceeding of the International 
Conference on Reliability and Statistics in Transportation and Communication; 17–20 October 2018; Riga, 
Latvia. Springer. pp. 24–34. doi: 10.1007/978-3-030-12450-2_3

Ministry of Natural Resources and Environment of the Russian Federation (2021). On the state and on the 
protection of the environment of the Russian Federation in 2021 (Russian). Available online: https://
www.mnr.gov.ru/docs/gosudarstvennye_doklady/gosudarstvennyy_doklad_o_sostoyanii_i_ob_okhrane_
okruzhayushchey_sredy_rossiyskoy_federatsii_v_2021_/ (accessed on 20 April 2023).

Permyakova OG, Ovsyannikov VV, Kaminskiy NS, et al. (2020). Improving the environmental friendliness of 
Russian transport through the use of hybrid vehicles. IOP Conference Series: Earth and Environmental 
Science 459(4): 042079. doi: 10.1088/1755-1315/459/4/042079

Plan of Implementation of the World Summit on Sustainable Development (2002). Available online: http://library.
arcticportal.org/1679/1/Johannesburg_Plan_of_Implementation.pdf (accessed on 25 April 2023).

Polyakov NA (2010). Experience and prospects for financing infrastructure projects in the Russian Federation 
(Russian). Vestnik of Saint Petersburg University 5(1): 46–53.

Research Institute “Atmosphere” (2019). Emissions of polluting substances into the atmosphere. Method for 
calculating the amount of pollutant emissions generated by motor vehicle flows on roads of various 
categories (Russian). Available online: https://docs.cntd.ru/document/1200167788 (accessed on 1 May 
2023).

Rodrigue JP (2020). Transportation, sustainability and decarbonization. In: The Geography of Transport Systems. 
Routledge. doi: 10.4324/9780429346323

Storani F, Di Pace R, Bruno F, Fiori C (2021). Analysis and comparison of traffic flow models: A new hybrid 
traffic flow model vs benchmark models. European Transport Research Review 13(1): 1–16. doi: 10.1186/
s12544-021-00515-0

Sustainable Development Knowledge Platform (2012). Future We Want—Outcome document. Available online: 
https://sustainabledevelopment.un.org/futurewewant.html (accessed on 25 April 2023).

The Global Goals (n.d.). 11 sustainable cities and communities. Available online: https://www.globalgoals.org/
goals/11-sustainable-cities-and-communities/ (accessed on 30 July 2022).

United Nations (2020). A guide to sustainable urban mobility and spatial planning (Russian). Available online: 
https://unece.org/DAM/trans/main/wp5/publications/1922152R_web.pdf (accessed on 20 April 2023).

United Nations (2021). Sustainable Transport, Sustainable Development. Interagency Report for Second Global 
Sustainable. Available online: https://sdgs.un.org/sites/default/files/2021-10/Transportation%20Report%20
2021_FullReport_Digital.pdf (accessed on 25 April 2023). 

United Nations Sustainable Development (1992). Agenda 21. In: Proceedings of United Nations Conference 
on Environment & Development; 3–14 June 1992; Rio de Janerio, Brazil. Available online: https://
sustainabledevelopment.un.org/content/documents/Agenda21.pdf (accessed on 25 April 2023).

Volkova EV, Stepanenko AA (2021). Traffic intensity calculation criteria for freight vehicles. IOP Conference 



Makarova, et al.

13

Series: Earth and Environmental Science 751(1): 012126. doi: 10.1088/1755-1315/751/1/012126
Wang L, Xue X, Zhao Z, Wang Z (2018). The impacts of transportation infrastructure on sustainable development: 

Emerging trends and challenges. International Journal of Environmental Research and Public Health 15(6): 
1172. doi: 10.3390/ijerph15061172


